Biological Activity of Phytoestrogens I. The th y ro id u p tak e of I 131 to g eth er w ith its histology and hormones after /3-sitosterol tre a tm e n t
M. I. E lg h a m r y
Dept, of Physiology, Faculty of Vet. Medicine, Cairo University, U.A.R. Subcutaneous administration of /5-sitosterol, isolated from Glycyrrhiza glabra, into ovariectomized mice induced: -1) An increase in the epithelial cell height of the thyroid vesicles, as well as a decrease in the surface area of the vesicular colloid when both were compared with the ovariectomized controls.
2) A stimulation of iodine uptake by the thyroid glands of treated animals. Phytoestrogen treat ment showed no linear relationship between the dosage of /5-sitosterol and the thvroid uptake of I131.
3) A rise in the level of thyroid and thyrotrophic hormones in the blood of mice injected with /?-sitosterol. This increase in hormone levels parallels the thyroid activity.
The natural estrogens isolated from plants assumed a considerable im portance since the demonstration of their responsibility for some reproductive dis turbances in domestic an im a ls1, as well as their relation with milk yield and com position2, meat p ro d u ctio n 3 and body developm ent4. Normally, these changes are partly controlled by the thyroid gland which is affected, in turn, by estrogens5 -'. Thus, investigation of the thyroid function is essen tial to explain these m anifestations of phytoestrogen activity.
Moreover, O t v o r sk y and K it t s 8 stated that red clover extracts stimulated the thyroid activity in directly through the hypophysis as the gland re mained unaffected after hypophysectomy. This finding added TSH determ ination to this investi gation, in which a phytoestrogen called ,/?-sitosterol was used. The latter, isolated from Glycyrrhiza glabra, is recently added to the phytoestrogen group, in which it can be considered as the most potent member 9.
M aterials and M ethods
The present work included 90 mature ovariectomized mice whidi were divided into 6 equal groups. Two weeks after the operation, the 1st group received sub cutaneously 3 daily injections of 0.1 ml. cotton seed oil and kept as a control. The other 5 groups were injected subcutaneously with 1, 10, 25, 50 and 100 //g. of /5-sitosterol for 3 days. Twenty-four hours after the last injection, all the animals were weighed and decapitated under mild ether anaesthesia for the blood of each group to be collected together. Six hours before the end of the experiment, eadi mouse was injected sub cutaneously with 2 /.ic. of I 131 dissolved in 0.1 ml. saline.
The upper portion of the trachea, including the larynx and both lobes of the thyroid, was removed after which the right and left glands were freed of extraneous tissue and weighed on a torsion balance. Both thyroids of 5 mice from each group were fixed in B o u i n's solution, stained with M a 11 o r y's technique and examined microscopically. The epithelial cell height of the thyroid vesicles was recorded. The surface area of the accumulated colloid was calculated after measuring the vesicular diameter.
The thyroids of the remaining 10 animals in each group were put in planchets and dried at 90 °C. for one hour. The radio-activity of the residues was counted in a Geiger counter (Ratemeter PW 4041) at a fixed geometry and the counts were expressed as counts per minute per milligram of thyroid tissue. Standard counts were prepared by transfering 2 /uc. of I131 in 0.1 ml. saline to the centre of the planchet and eva porated to dryness. The residue was counted and this was repeated 3 times for the average to be obtained. Then, the activity was expressed as counts per minute per 2 /uc., by the help of which the uptake of I131 could be calculated. The serum of each group was separated for thyroxine and thyrotrophic hormones to be estimated by the stasis tadpole method 10. The tadpoles were divided into 6 groups of 25 each; one group received 0.01 ml. of the serum of the untreated mice to serve as a control. The remaining 5 groups received 0.01 ml. of the serum of the mice treated with 1, 10, 25, 50 and 100 fxg. of the /5-sitosterol respectively. All the tadpoles received 7 injections on alternate days, twenty-four hours after which they were killed with chloroform, fixed in Susa and stored in 80% ethanol. The hind limbs were then measured with a micrometer and their average length was used as a creterion of thyroxine level in the cor responding samples of serum. Then, the fixed tadpole heads were cut transversely, embedded into paraffin and serial sectioning were carried out according to the ordinary histological methods. Sections containing the thyroid lobes were stained with hematoxylin-eosin and examined microscopically. The height of the epithelial cells of the thyroid glands of tadpoles indicated the level of thyrotrophic hormone in the blood of treated mice.
R esu lts

Thyroid histology
Ovariectomy of the mice was followed by flat tening of the epithelial lining of the thyroid vesicles as well as accum ulation of the colloid in their cavity (Fig. 1 * ) . Injection of /5-sitosterol induced a signi ficant increase in the cell height to become more or less colum nar in shape together with a significant reduction in the surface area of the colloid (Table 1) . Maximum activation of the gland was attained after a daily dose of 1 0 («g. of the phytoestrogen (Fig. 2) as evidenced by the highest epithelial lining and the great reduction in colloid surface. This indicates a great rate of the thyroid hormone secretion, a finding which was further proved by thyroxine de termination.
Thyroid uptake of I131
Six hours after the injection of I 131, it became clear that /5-sitosterol stimulated the thyroid uptake of radio-active iodine in all the treated groups ( Table 2 ). The adm inistration of graded doses of /5-sitosterol indicated that the increase in thyroid activity was not parallel to the gradual increase in the dosage level of the phytoestrogen. A daily dose of 1 jug. of the phytoestrogen induced a significant increase in the uptake of I 131 %, which reached a maximum when the dosage level was elevated to 25 jug. per mouse daily. Then, the thyroid uptake was reduced to increase again when the dose of /5-sitosterol was increased to 100 jug. daily. Thus, a daily dose of 25 jug. of this estrogen-like compound was more effective, with respects to counts per minute per mg. of glandular tissue, than either the lower or higher doses. Gp 
Blood levels of thyroxine and TSH
Variations of the thyroxine levels in the blood of phytoestrogen-treated animals were coincident with the histological changes and uptake of I 131. The rate of metamorphosis of tadpoles injected with serum obtained from the treated anim als indicated that /5-sitosterol increased the level of thyroxine in the blood of ovariectomized mice (Table 3 ) . Maximum production of the thyroid horm one was attained after adm inistration of 25 jug. of the phytoestrogen daily. Table 3 . The levels of thyroid hormones in the blood of ovari ectomized mice after treatment with /5-sitosterol. ± = Stand ard error. (a) = The average increase in epithelial cell height of the thyroids over that of the controls which were injected with the serum of untreated mice.
The level of thyrotrophic horm one in the blood of treated mice was parallel to the thyroid activity. Adm inistration of /5-sitosterol induced a significant rise in the blood level of TSH over that of the ovariectomized controls (Table 3 ) . Thus, the earlier assumption that estrogens stimulate TSH formation which, in turn, stimulates thyroxine secretion, can be now confirmed in cases of phytoestrogens.
D iscussion
/^-sitosterol stimulated the thyroid activity in ovariectomized mice, in which no conclusive relation appeared between the dose of the phytoestrogen and the thyroid function. This is in a good agreement with the finding of F e l d m a n 11 who stated that " the thyroid response was independant of the dose of estrogen over short periods of time" . Stimulation of the thyroid uptake of I 131 was also noticed in intact and ovariectomized rats after adm inistration of red clover extracts 8 as well as various estrogenic com pounds 12,13. On the other hand, another estrogenic plant, Ladino clover, did not affect the thyroid gland of growing rats ( E l g h a m r y , unpublished d a ta ) . This variation in results may be attributed to the nature of the phytoestrogens present in various species of estrogenic plants.
Such stimulation of the thyroid activity in labo ratory animals raises the possibility of using phyto estrogens as fattening and galactopoietic agents. The stimulated thyroid or thyroprotein substances in creased body weight gains 14 15 and milk yield 16' 17. In this respect, one has not to forget the intimate relation between the thyroid gland and reproductive performance in males and females 18_20, which may account for the disturbances of reproduction noticed in animals grazed upon estrogenic plants l .
The increased level of TSH in the treated mice points to the intermediation of hypophysis in this action, specially if we consider the earlier reports that TSH administration increased the thyroid up take of I 131 in r a ts 21, ra b b its22 and d o g s23. This deduction was further confirmed by O t v o r sk y and K itt s 8 who found that thyroid stim ulation dis appeared in hypophysectomized rats treated with red clover extracts. This indirect action through the hypophysis does not mean the exclusion of the direct influence of phytoestrogens upon the thyroid gland, as some estrogenic compounds affect directly the thyroid function 24 and others. In mice, this discus sion can be settled only after hypophysectomy.
